The purpose of this study is to investigate the main influential factors of the subway Particulate Matter (PM) pollutants under the air-conditioning condition and ventilation condition, by an on-site field measurement in a subway station in Shanghai. It is found that the dust accumulation at fresh air shaft was the secondary dusting action under the influence of fresh air flow, leading to a higher concentration of the PM in the subway station than in the outdoor air even when the outdoor air quality was good. In addition, in the morning rush hour the PM 2.5 value near the platform screen door our is highest of the day.
INTRODUCTION
The air quality of the subway station such as the PM concentration affects the health and comfort of a larger number of passengers and staffs. On the one hand, the friction on the rails during the operation of the train generates a large number of particles (Wen Zhengjiang et al.2012 ), on the other hand, ventilation shafts bring the outdoor particles into the tunnels, leading to the higher PM concentration in the tunnels. Furthermore, the suspended particles caused by the trains' operation may cause the increasing of the PM concentration on the platform during the opening of the platform screen door (Chang Jingjing and Sun Jian, 2014) . Therefore, The variation of the PM concentration on the platform is relevant to the health of the passengers and staffs and arouses extensive attention from the researchers.
At present, researches on pollutants' control of the subway platform are mostly conducted through on-site measurements. For example, Zhao et al. used this method to study the concentration of particulates in subway platforms and train compartments, and observed their changes with the subway operation (Zhao et al., 2016) . Kim et al. found that the concentration of PM10 and PM2.5 in the passenger compartment of the subway was lower than that in the station (Kim et al., 2010) . Liu et al. measured and analyzed the concentration of the PM in the subway station and obtained a clear spatial-temporal distribution of the PM concentration in each area. It was found the concentration of the PM in the transition zone of the station was significantly higher than that of the PM on the platform and in ticket hall (Lu et al., 2015) . There is no research or analysis on the influential factors of the PM2.5 on subway station platform and its significance. Therefore, the research on the influential factors of the PM2.5 on the station platform is urgently needed.
In this work, the dynamic PM 2.5 concentration on the subway platforms was measured onsite under the real-time inspection, aiming at finding the influential factors of the PM 2.5 on the platform.
Methods and Methodology
Characteristics of the PM2.5 concentration on the platform were measured at varied locations during several periods of the day with systematical field-monitoring of the carbon dioxide concentration, air temperature, and humidity. The measurement was conducted under the ventilation condition and air-conditioning condition. The pollutants' distribution characteristics were analyzed regarding the concentration and the heat pressure differences between the tunnel and the station platform during the opening process of the screen doors.
The field-measurements were conducted in the Caobao Road station of Shanghai Metro Line 12 on September 27th, 2017. The ventilation condition was from the starting points of train's operation in the morning to the noon, and the air-conditioning condition was from the noon to the midnight. In order to avoid interfering with the subway operation, two types of on-site measurement methods were developed including long-term and short-term monitoring. During the long-term monitoring, the equipment was fixed for a whole day, recording the data once a minute; during the short-term monitoring, the removable cart is utilized to collect the data at 1.5 m height dynamically.
The traditional ventilation and air conditioning system is used in Caobao Road subway station with the supply air pipe and the return air pipe on the two sides of the platforms (Figure 1) . The platform is about 120 m long. Both the supply air pipe and the return air pipe are extended from the two ends to the middle of the platform. The locations of measuring points are shown in Figure 1 with the detailed descriptions in Table 1 . The key parameters of the instruments used in the field-measurements are shown in Table 2 . Figure 2 presents the photos of the measurement sites. Figure 3 shows the dynamic monitoring results of the PM2.5 concentration in the supply air and return air vents, fresh air shaft, and outdoor air during the long-term monitoring. The PM2.5 concentration in the supply air was affected by both the concentrations in both the fresh air and return air. The supplying air parameters are relevant to those of the fresh air shaft and the outdoor environment. Figure 3 Monitoring results of the PM2.5 concentration in the supply air and return air vents, fresh air shaft, and outdoor air during the long-term monitoring It can be seen from Figure 3 that the PM2.5 concentration in the return air vents was lower and correlated with the one in the supply air vents. The return air seemed not the main reason for the high PM concentration in the supply air under the air-conditioning condition. However, the fresh air was likely to contribute to the peaks of PM concentration in the supply. The PM level of the outdoor air was the lowest and much lower than that in the fresh air shafts. One explanation is that there was lots of dust accumulated in the fresh air shaft. It can be concluded that the secondary dusting action by the fresh air shaft led to the higher PM concentration in the fresh air intake even though the outdoor air was fairly clean. The PM concentration in the supply air was lower than that in the fresh air shaft and return air during most of the time, demonstrating that the filtration equipment in the air-conditioning system of the subway station did provide certain purification. Figure 4 shows the dynamic monitored PM2.5 concentration in the supply air, fresh air shaft and outdoor air under the ventilation condition. As shown in Figure 4 , the PM2.5 concentration in the fresh air shaft was higher than that in the outdoor air, confirming that the dusting action in the air shaft was the main reason for the high PM2.5 concentration in the supply air. To avoid that, the supply air shaft of the subway station needs to be maintained and cleaned. On the other hand, the filtration system is critical for maintaining the PM concentration in the subway. Dynamic characteristics of PM2.5 on the platform, return air and influential factors Figure 5 shows the relationship between the concentration of PM2.5 in the return air and that of some typical locations on the station platform under both ventilation condition (from morning to noon) and air-conditioning condition (from noon to evening). The PM2.5 concentration in the return air correlated with the concentrations on the platform. The PM level both on the platform and in the return air vent reached the peak of the day during the rush hour in the morning. It can be concluded that the accumulation dust in the tunnel and in the fresh air shaft at night are secondary-dusting generated by the trains , operation during the rush hour in the morning. Besides, the PM levels of the typical locations and in the return air vent were also high from the evening rush hour to the end of the day. It can be attributed to the PM continuously escaping from the tunnel through platform screen doors (PSDs) during the operation hour, with the help of the passengers' movement on the platform. Figure 6 shows the data at the two typical measurement locations at 1.5m height on the platform, as well as the average values near the PSDs obtained during the rush hour in the morning, off-peak periods and rush hour in the evening. It can be seen that the PM2.5 concentration near the PSDs during the rush hour in the morning was significantly higher than that on the platform. Besides during the non-rush and rush hour in the evening, the PM2.5 concentration during the door opening process was slightly higher than that of the typical locations on the platform. Figure 6 Comparison between PM2.5 concentration on the platform and near the PSDs
Figure 1 The locations of measuring points
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CONCLUSIONS
The conclusions of this current work are as follows: 1. The dusting action in the fresh air shaft led to the higher PM2.5 concentration in the fresh air vents even though the outdoor air was fairly clean. 2. The PM2.5 concentration in the return air correlated with the ones on the platform. 3. The PM2.5 concentrations during the rush hour in the morning were obviously higher than that of the off-peak hour and the rush hour in the evening. 4. The dusting action in the tunnel caused by the train in the morning is remarkable, resulting in that the PM2.5 concentrations on the platform near PSDs were always higher than that on the platform. 5. In order to avoid the dusting action in the fresh air, the fresh air shafts should be cleaned in a regular schedule.
